Abstract: Asymmetric borane reduction of acetophenone using 1,3,2-oxazaborolidines derived from aziridine-2-tertiairy alcohols 1 and 2 yielded the corresponding alcohol in high optical yields. The synthesis of the novel chiral catalysts 1 and 2 using D-and L-serine, and D-and L-threonine as starting material is described.
The development of catalytic methodology is an active field of research in organic chemistry. For the enantioselective reduction of prochiral ketones, one of the more successful reactions is based on the use of 1,3,2-oxazaborolidines as chiral inductor in the reduction process. Chiral 1,3,2-oxazaborolidines are generated from chiral 1,2-aminoalcohols and borane as was first reported by Itsuno et al.] Corey et al. 2 soon thereafter prepared an oxazaborolidine derived from c~,a-diphenyl-2-pyrrolidinemethanol (4) which was employed in the reduction of prochiral ketones with borane (BH3-THF, CBS-method).
Several other chiral 1,3,2-oxazaborolidines have been reported; recently two reviews about the development and application of chiral oxazaborolidines have appeared 3. Cyclic aminoalcohols, namely azetidine n, pyrrolidine 5 and piperidine 6 derived carbinols 3, 4 and 5, respectively, have been studied extensively, as basis for 1,3,2-oxazaborolidine catalysts.
Our interest in chiral small-ring heterocycles, especially functionalized epoxides 7 and aziridines 8, led us to investigate the aziridine-2-alcohols 1 and 2 as precatalyst systems. Comparison of the asymmetric reductions with the oxazaborolidine catalysts derived from the corresponding 6, 5, 4 and 3-membered cyclic aminoalcohols is clearly of interest. The reaction of choice for this comparison is reduction of prochiral ketones employing such oxazaborolidines. Several approaches to the preparation of optically active aziridine-2-carboxylic esters, the precursors of the aziridine-2-tertiairy alcohols 1 and 2, are known in the literature 9. We developed 10 an improved procedure for the synthesis of enantiopure N-trityl-aziridine-2-carboxylic esters from serine and threonine. The N-tritylaziridine-2-carboxylic esters were converted into the corresponding N-trityl-aziridine-2-carbinols using phenylmagnesium bromide, followed by detritylation with sulphuric acid in methanol/THF yielding enantiopure aziridine-2-tertiairy alcohols in good yields 11 (80%) (Scheme 1).
The thus-prepared aziridine-2-carbinols la and lb (L-and D-serine derived precatalysts) were converted into the corresponding oxazaborolidines 8a and 8b by an 'in situ' reaction with an excess of borane-Me2S complex in THF at reflux temperature for 15 hrs, followed by removal of the solvent and excess borane in 604 vacuo. The procedure for the reduction of acetophenone involves a fast addition of the ketone to a THF solution of the catalyst-BH3-Me2S complex at room temperature. This operation caused a raise of the temperature of the reaction mixture to ca 45°(2. The progress of the reaction was monitored by TLC. In most cases acetophenone (6) was converted into phenylethyl alcohol (7) within 5 rain. in high chemical yields.
In the case of precatalysts 2a and 2b (derived from L-and D-threonine) the oxazaborolidines 9a and 9b were prepared in toluene at room temperature in 10 min. The enantiomeric purity of alcohol 7 was determined by GLC using the camphanoyl derivative of 7, and by HPLC using a chiral column (Daicel Chiralcel OD). Both methods gave identical results. The absolute configuration of the alcohol was deduced from measurement of its optical rotation. Commercially available (S)-2-c~,ec-diphenyl-2-pyrrolidinemethanol (4) was used for comparison under the same conditions as described above. The results of the ketone reduction are collected in the table. It was found that various factors, such as the oxazaborolidine preparation procedure, the molar ratio of chiral aminoalcohol and borane during the preparation of the catalyst, and the solvent used had a prolbund effect on the success of the asymmetric ketone reduction. For precatalysts la and lb high stereoselectivity was always attained with the reagent prepared from a 1:3 or 1:6 molar ratio of the aminoalcohol and borane, whereas the reduction with the catalyst obtained from h l molar ratio of amino~cohol and borane resulted in a disappointingly low selectivity. It turned out to be essential that during the preparation of oxazaborolidines 8a and 8b the precatalysts la and Ib were refluxed in THF 12 with 6 equiv, of BH3-SMe2 for 15 hrs. When a lower temperature was used during the 'in-situ' oxazaborolidine preparation (50oc) the enantioselectivity of the reduction reaction was decreased. However, in the case of the preparation of oxazaborolidines 9a and 9b optimum results were obtained when the precatalysts 2a and 2b and 2 equiv, of BH3-THF were mixed in toluene at room temperature for 10 min, immediately followed by the reduction using BH3-SMe2 in toluene. The optimum reaction conditions described for la and lb gave only moderate ee-values (30%) when applied for 2a and 2b. When the optimum reaction conditions for the preparation of oxazaborolidines 9a and 9b were used for 8a and 8b the enantiomeric purity of alcohol 7 was relatively low (53%).
These findings indicate that the cis methyl-group in the oxazaborolidines 9a and 9b, when compared with the catalysts 8a and 8b, has an enormous effect on the asymmetric induction capability of the chiral catalyst in the reduction of acetophenone. Hitherto we were not able to isolate the oxazaborolidines 8 and 9 in pure form. In order to characterize the oxazaborolidine catalysts, the synthesis of stable oxazaborolidines derived from aziridine-2-tertiairy alcohols and alkylboronates 13 is currently investigated. )erature in toluene.
In conclusion, the synthesis of a new class of chiral precatalysts, aziridine-2-carbinols 1 and 2, which can conveniently be converted into the corresponding oxazaborolidines, is described. These new catalysts are attractive because of their readily availability in both enantiomeric forms, starting from L-and D-serine and L-and D-threonine, respectively. The enantioselective reduction of acetophenone using precatalysts 1, 2, and 4 took place with high ee-values (>90%). The results with the three-membered ring catalysts 8 and 9 from aziridinediphenylcarbinols gave similar ee-values as the five membered L-proline (4) derived catalyst.
Experimental
Typical procedure for acetophenone reduction using 10% la as the catalyst: The reactions were run under an argon atmosphere in a flame dried 3-necked reaction flask equipped with a magnetic stirrer and a thermometer. To a solution of la (56rag, 0.25retool) in THF (10 mL) a BH3-Me2S solution in THF (7501.tL, 2M, 1.5 mmol) was added. This solution was heated at reflux temperature for 15 h, followed by removal of the solvent and excess BH3-Me2S in vacuo. THF (3.5 mL) was added to the white solid catalyst, followed by BH3-SMe2 in THF (1.25 mL, 2M, 2.5 mmol) and the immediate addition of acetophenone (292 ~tL, 2.5 mmol). An exothermic reaction took place. After 15 min all acetophenone had been consumed (TLC) and the reaction was quenched with MeOH (1.25 mL). Dilute sulphuric acid (4 ml, 1M) was added, followed by the removal of the organic solvents in vacuo. The aqueous residue was extracted with ether (3x), washed with a saturated bicarbonate solution, dried over MgSO4 and concentrated to give (R)-(-)-phenylethyl alcohol in 90% chemical yield with a purity of 96% by GLC. The enantiomeric purity of this product was 94% as was determined by GLC (camphanoyl derivative) and HPLC (Daicel Chiralcel OD).
Typical procedure for acetophenone reduction usb~g 5% 2a as the catalyst: The reactions were run under a nitrogen atmosphere in a flame dried 3-necked reaction flask equipped with a magnetic stirrer. To a solution of 2a (30 mg, 0.125 mmol) in toluene (3 mL) a BH3-THF solution in THF (250~tL, 1M, 0.25 mmol) was added. The solution was stirred at room temperature for 10 min. After the addition of acetophenone (292 ~tL, 2.5 mmol) a BH3-SMe2 solution in toluene (l.25 mL, 2 M, 2.5 mmol) was added immediately. An exothermic reaction took place. After 30 min, all acetophenone had been consumed (TLC). The reaction was quenched with MeOH (1.25 mL), extracted with dilute sulphuric acid (4 ml, IM), followed by a washing with a saturated sodium bicarbonate solution. The organic layer was dried over MgSO4 and concentrated in vacuo to give (R)-(-)-phenylethyl alcohol in a yield of 90% with a purity of 96% by GLC. The enantiomeric purity of this product was 94% as determined by GLC (camphanoyl derivative) and HPLC (Daicel Chiralcel OD).
